BK channels in human periodontal ligament fibroblasts by 白鳥 香理 et al.
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1ǵᐷǵǵៜ
ǵ๲൓ᕖ⏃๲ٞᯍय़⏆ɻ๲ɹܑٞɹ๲൓ᕖᔿˁʛɛɌ
ɩȦʳᐻᐣਸᐄغᏼᑩɫ⏋๲ɹ͍́Ͳ̜ᣒɭ๲กᲓˁ
ᐄʃɦȿɩȦʳᏼᑩɫȡʳ⏏๲൓ᕖɻςɴ˱͞ͻ˰Ͳ
ᐻᐣȴʰଁɤɩȲʱ⏋๲ɹඨጓɞȿɫɲȼٺغ֐ɹᑃܦ
ɴʢ৲ጓɤɩȦʳ⏏๲൓ᕖɹᏳᔟଁՕɭɌɩɻ⏋ᐻᐣᗂ
Ᏻᔟ͹͍́Ͳ̜ᗂᏳᔟ͹ᲓᗂᏳᔟ͹ቑᲓᏳᔟ͹͇˪ͦ
̶ˎͻ˻͹ೡՕ׋ᬚᘽᏳᔟ͹͇̒́͞Ϋᇤ᧨๿ɲɰˁ
᠗ʠʳ⏏ɗɹȩɠᐻᐣᗂᏳᔟɻధʢ޽ȼ⏋๲൓ᕖɹᐻᐣ
০ଁʢ୊ɤɩȦʳɛʠ๲൓ᕖᏳᔟɭʢ٧ɽʶɩȦʳ13⏆⏏
ǵ๲ዀቃ๭࡝ᇕ໠ᆹɹɛʠ๲ɴቃ๭֐ˁсᅎɇɓʳɭ⏋
๲൓ᕖ͹๲กᲓ͹๲൓͹๲ᔀɴɗʶəʶ޴׋ȵᅊɍɛ
ᐄഗ⏋ܦᦗүɹ๲กᲓɹُؚɭ႖ৄүɹ๲กᲓɹృᅊ
ȵᅊɍ⏋೎ᏺᇕɴ๲ɻ֐ɹсᅎ౅كʍው֪ɌɩȦȼ⏏
๲൓ᕖɴȲȦɩɻቃ๭֐ˁсᅎɇɓʳɭʚʢɲȼܦᦗү
ɹ๲൓ᕖɹкዩɹཝࢹȵ᠗ʠʰʶʳȵ⏋Ʉɹкዩɹཝࢹ
ɴ๲൓ᕖᏳᔟɹˏ̜ͅͻ˹˽ȵᬠήɌɩȦʳɭɹݬٚȵ
ȡʳ⏏ʚɛ⏋ቃ๭μɹ႖ৄү๲൓ᕖᏳᔟȴʰɻᲓᗂᏳᔟ
Օ׋ᬠᦹ܍ࡎɫȡʳRuntrelatedgene2⏃Runx2⏆ʦ
musclesegmenthomeoboxhomolog2⏃Msx2⏆ɹᇍჼ
Ϋ౥ʢݬٚɇʶɩȦʳ47⏆⏏Ʉɹʭȩɴ⏋๲൓ᕖɴ֐ȵ
֓ʼʳɄɭɫ⏋๲൓ᕖᏳᔟɴ޴׋ȵᅊɍʳɄɭɻ޽ȼ
ݬٚɇʶɩȦʳȵ⏋๲൓ᕖȵ֐ˁɰɹʭȩɴઢሾɌ⏋
ɗʶˁ๲൓ᕖᏳᔟɹᏳᔟԒ੻ݬШ᧒Ꮩʍɹ˹˫̠͡ɴ
޴ழɌɩȦʳȴɴɦȦɩɻ౩ተɴɻៗ౩ɇʶɩȦɲ
Ȧ3⏆⏏
ǵᏳᔟᕖɴɻዛǾɹՕࡎȵࡔܧɌ⏋Ᏻᔟ޺ɭᏳᔟԒɹ
੻ݬШ᧒ˁЗЂɌɩȦʳ⏏ɗɹΥɦɭɌɩ˓ˠͲ̍͑
̦͡ȵȡʳ⏏˓ˠͲ̦̍͑͡ɹ༎ਸ׋ɻᕖᮚеɴћࡔ
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ABSTRACT
 7KHSHULRGRQWDOOLJDPHQW3'/LVWKHÀEURXVFRQQHFWLYHWLVVXHZKLFKFRQQHFWVWKHFHPHQWXPWRWKHDOYHRODU
ERQHDQGFRQVLVWVSUHGRPLQDQWO\RI3'/ÀEUREODVWVDVWKHPDLQFHOOXODUFRPSRQHQW3'/ÀEUREODVWVUHVSRQGWR
PHFKDQLFDOVWUHVVYLDDVSHFLÀFVLJQDOLQJV\VWHPZLWKVXUURXQGLQJFHOOVZKLFKLQWXUQUHVXOWVLQWKHUHJXODWLRQRI
ERQHPDWUL[UHVRUSWLRQDQGIRUPDWLRQ0HFKDQLFDOFRPSUHVVLRQIRUFHLVNQRZQWRLQGXFHDUHGXFWLRQLQWKHQXPEHU
RI3'/ÀEUREODVWV+RZHYHUWKHSUHFLVHPHFKDQLVPVE\ZKLFKDSSOLHGIRUFHVSURGXFHUHDFWLYHFKDQJHVLQ3'/
ÀEUREODVWVUHPDLQSRRUO\XQGHUVWRRG3UHYLRXVVWXGLHVKDYHUHSRUWHGWKDWFHUWDLQVWUHWFKDFWLYDWHGLRQFKDQQHOV
DUHDEOHWRFRQYHUWH[WUDFHOOXODUPHFKDQLFDOVWUHVVLQWRLQWUDFHOOXODUVLJQDOV,QWKHSUHVHQWVWXG\ZHHYDOXDWHG
VWUHWFKDFWLYDWHGLRQFKDQQHOVLQFXOWXUHGKXPDQ3'/ÀEUREODVWV3DWFKFODPSH[SHULPHQWVUHYHDOHGWKDWFXOWXUHG
KXPDQ3'/ÀEUREODVWVH[KLELWDVWUHWFKDFWLYDWHGSRWDVVLXPFXUUHQWZLWKDVLQJOHFKDQQHOFRQGXFWDQFHRIS6
7KLVSRWDVVLXPFXUUHQWLVDFWLYDWHGE\PHPEUDQHVWUHWFKDQGE\DQLQFUHDVHLQWKHFRQFHQWUDWLRQRILQWUDFHOOXODU
FDOFLXP2XUHOHFWURSK\VLRORJLFDOH[SHULPHQWVLQGLFDWHGWKDWWKHFKDQQHOUHVSRQVLEOHIRUWKLVFXUUHQWLVOLNHO\WREH
DODUJHFRQGXFWDQFHFDOFLXPDQGYROWDJHDFWLYDWHGSRWDVVLXPFKDQQHO%.FKDQQHO5HYHUVHWUDQVFULSWLRQ
polymerase chain reaction RT-PCRUHYHDOHGWKHH[LVWHQFHRI%.FKDQQHOP51$LQFXOWXUHGKXPDQ3'/
ÀEUREODVWV,QVXPPDU\RXUUHVXOWVUHYHDOWKDWFXOWXUHGKXPDQ3'/ÀEUREODVWVH[KLELWIXQFWLRQDO%.FKDQQHOV
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ɐʳݭغ⏋ˏ́̍͡˱͠Ͳɲɰɹ͠ˤͲ̝ɹᐄغɴћࡔ
ɐʳݭغ⏋ᏳᔟᕖɹЭࣙɴћࡔɐʳݭغɲɰȵተ᠗ɇʶ
ɩȦʳ⏏႕ɴ⏋˓ˠͲ̦̍͑͡ɹ༎ਸ׋ȵᏳᔟᕖɹЭࣙ
ɴћࡔɐʳ stretchactivated݀ɻᏳᔟɴ֓ʼɤɛ֐ˁ
ᏳᔟԒ੻ݬШ᧒Ꮩɴ޴ழɐʳ႕ਸˁ೑ɌɩȦʳɭᓒȭʰ
ʶɩȲʱ⏋Largeconductance,calciumandvoltage
activatedpotassium channel⏃BK̦̍͑͡⏆ʦ TRP
⏃Transientreceptorpotential⏆̶ˎ͊͠ͻ⏋Acidsensing
ionchannels⏋PiezoproteinsፈȵݬٚɇʶɩȦʳ810⏆⏏
ǵɗɄɫЁ܌ଂǾɻ๲൓ᕖᏳᔟɴᇍჼɌɩȦʳ stretch
activated݀˓ˠͲ̦̍͑͡ɴɦȦɩᮚຩᅊჿ࡝ᇕȲ
ʭʃᅊ׋࡝ᇕɲද២ˁ᝔Ȧ⏋ɗɹᐄഗ BK̦̍͑͡ȵ
๲൓ᕖᏳᔟɴᇍჼɌɩȦʳɄɭˁተ᠗Ɍɛɹɫݬٚɐʳ⏏
2ǵࡸᱻ౅໬
2͹1 Ᏻᔟɭݛ᰸
ǵᏳᔟɻ Clonetics®HumanPeriodontalLigament
FibroblastCellSystems⏃Cambrex⏆ɹ̯̜๲൓ᕖ
Ᏻᔟˁьᅎ⏏Ᏻᔟɹ௢ዛɻݜೣݛܩɫȡʳ Clonetics®
SCBMTMStromalCellBasalMediumɴད֓܍ࡎ́̒
̜ɫȡʳ Clonetics®SCGMTMSingleQuots®ˁད֓
Ɍɛݛ᰸༰ɫ᝔Ȧ⏋37ŝ⏋5⎾CO2ɹ೼ИάɫᏳᔟˁݛ
᰸Ɍɛ⏏ᐙБɻ̋̾̒͡˱ఒ޴˓ͻ˫͡ݛܩ⏃SIGMA⏆
ɴ̢̿˹͠Ͳ⏃Life technologies⏆⏋˽̜̺̜͇ͤ˓
˹Ͳ⏃Lifetechnologies⏆⏋ၖՃჿˁɌɛCellect®Fetal
BovineSerum⏃MPBiomedicals⏆ˁ೎ᏺ࿣঎ȵɗʶ
əʶ 30óg/ml⏋30unit/ml⏋10%ɴɲʳʭȩɴད֓Ɍ
ɛݛ᰸༰ɫ᝔ɤɛ⏏ࡸᱻɴɻ⏋ᐙБ 3БГᭇɹᏳᔟˁ
ᅎȦɛ⏏ࡸᱻˁ᝔ȩሁմɹᐙБɻ⏋ݛ᰸ᇫɹঈɴࢸɇȼ
ւɤɛˡ̫ͻˤ͞˽ˁఫȷ᠋ʠ⏋ɗɹΫɴᏳᔟˁ௢ዛ
Ɍɛ⏏
2͹2 ̦̍͑͡ᮚ༑ཀྵࡴ໬
ǵK+ᮚ༑ɹ׬Υ̦̍͑͡ᮚ༑ɻ patchclampᅎވ३۬
Axopatch200BDPSOLÀHU⏃AxonInstrumentsInc⏆ˁ
ᅎȦɩ៨᪼Ɍɛ⏏ᮚ༑̚ͻ̊ɻ 10kHzɫ˵Ͳ̺͠Ͳ˫
ˁ᝔Ȧ⏋๖Ȧɫ 2kHzɫͦͻ̮˽̶ˑ̊͡͠Ͳ˫Ճჿ
ˁ᝔ɤɛ⏏Na+rich༰ɹᏼଁɻ140mMNaCl⏋5mM
KCl⏋1mMMgCl2⏋1.8mMCaCl2⏋10mMHEPES⏃pH
7.4⏆ɭɌɛ⏏K+rich༰ɹᏼଁɻ 140mMKCl⏋1mM
MgCl2⏋1.8mMCaCl2⏋10mMHEPES⏃pH7.4⏆ɭ
Ɍɛ⏏ˡ̫ͻˤ͞˽ɴЊመɌɛ̯̜๲൓ᕖᏳᔟˁ྿༑ླ
ɴܔࡴɌ⏋37ŝɹNa+rich྿༑༰ɫ྿༑Ɍɛ⏏K+rich
༰ɫԒᔿˁྃɛɌɛˤ͞˽ន̮̒̍ᮚෑˁᏳᔟᝠᯆɴ
ஞ៘ɇɓᮚෑԒˁ᭖ܦɴɐʳɄɭɫᏳᔟᝠᯆˁُৄɌ⏋
Ᏻᔟɭᮚෑᬚɹୄ଻ȵ 1GçГΫɹ˧ˤ˹ͻ͡ˁ০ଁ
ɐʳ⏏˧ˤ˹ͻ͡০ଁ৿ɴᮚෑԒɹ᭖ܦˁ̄ͦɴଖɌ⏋
๖Ȧɫ྿༑༰ˁ K+ rich༰ɴ޴ೃɌ⏋cellattached
patchclamp໬ɴɩᮚ༑ˁཀྵࡴɌɛ⏏ˤ͞˽ន̮̒̍
ᮚෑԒɹُৄܦɻອ഼ܦཀྵࡴខᒞɴɩ៟ཀྵɌɛ⏏
ǵᏳᔟԒ Ca2+࿣঎ɭK+ᮚ༑ɭɹሂᬠᬠѥɻ⏋inside
outpatchclamp໬ɴɩཀྵࡴɌɛ⏏Ϋᦚɭؾ෵ɴ˧ˤ
˹ͻ͡ˁ০ଁɌɛ৿⏋྿༑༰ˁᧉᮐ Ca2+࿣঎ȵ̄ͦ
ɫȡʳ K+ richCa2+ free༰ɴᒞழɐʳ⏏ᮚෑˁᏳᔟ
ȴʰᮐʶʳ౅كɴው֪ɇɓʳɭ insideout০ଁɭɲʳ⏏
ɗɹ৿⏋ᧉᮐ Ca2+࿣঎ȵ 1Ì 108Mɫȡʳ K+rich
pCa8༰⏋Ȳʭʃ 1Ì 104MɫȡʳK+richpCa4༰ˁ
྿༑Ɍᮚ༑ˁཀྵࡴɌɛ⏏K+richCa2+free༰ɹᏼଁɻ
140mMKCl⏋1mMMgCl2,5mMEGTA⏋10mMHEPES
⏃pH7.4⏆⏏K+richpCa8༰ɹᏼଁɻ 140mMKCl⏋1mM
MgCl2,0.156mMCaCl2⏋1mMEGTA⏋10mMHEPES
⏃pH7.4⏆⏏K+richpCa4༰ɹᏼଁɻ 140mMKCl⏋1mM
MgCl2,1.06mMCaCl2,⏋1mMEGTA⏋10mMHEPES
⏃pH7.4⏆⏏
ǵᮚ༑̚ͻ̊ɹៗഓɻ pCLAMP9⏃AxonInstruments
Inc⏆ɴɩ᝔ɤɛ⏏̚ͻ̊ɻॶܯғÆฌྈᠡेɫኍɌɛ⏏
2͹3 RTPCR⏃ReverseTranscriptionPolymerase
ChainReaction⏆໬
ǵ̯̜๲൓ᕖᏳᔟɫɹBK̦̍͑͡ᇍჼɻRTPCR໬
ɴɩተ᠗Ɍɛ⏏̯̜ BK̦̍͑͡ɹݾݜᨗ՞ɭɌɩ
NM_001014797ɭNM_002247ȵPubmedɴᇎ᪼ɇʶ
ɩȦʳ⏏ɗɹဤ⏋θᨗ՞ɴԊᦲɹᨆՕȵވ३ɇʶʳ̺͞
˓͇ͻ⏃forwardprimer75㻓ATGTTTGCCAGC
TACGTCCCT3㻓9reverseprimer75㻓TCGCCA
AAGATGCAGACCA3㻓⏆ˁ៯៟Ɍɛ⏏̜ͻ̊͡
RNAɻ TRIzol® reagent Invitrogen⏆ɴɩ̯̜๲
൓ᕖᏳᔟʭʱୈՏɌɛ⏏ᦥ᥊Ԡ⏃RT⏆ɻ SuperscriptIII
reversetranscriptase⏃Invitrogen⏆ˁᅎȦ᝔ɤɛ⏏
PCRɻPlatium®PfxDNAPolymeraseˁᅎȦ⏋three
step cycle໬⏃ၖ޴ਸ 94ŝ15዁⏋ˏ̢͠Ͳ˫ 55ŝ
30዁⏋Эؙࣙਝ68ŝ75዁⏋35˵˓˪͡⏆ɴɩే᝔Ɍɛ⏏
PCRᅋ႒ɻ 1%ˏˤͦͻ˽˰͡ᮚຩ໻֪ˁȴȿɛ৿⏋
˛̍˻˗̸͇͌ͦ˓̝ɫയᖬˁ᝔Ȧ̚˻̊͡ˡ͍͞ɴ
ɩ៨᪼Ɍɛ⏏
3ǵᐄǵǵഗ
3͹1 ᏳᔟᕖЭࣙɴʭʳ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹ޴׋
ɹཀྵࡴ
ǵcellattachedpatchclamp໬ɴɩݛ᰸̯̜๲൓ᕖ
ᏳᔟɴᇍჼɌɩȦʳᮚ༑ˁཀྵࡴɐʳɭ⏋෵Ǿɲ˱Ͳ̋˪
̋Ͳ˽ɹᮚ༑ȵ៎࢘ɇʶɛ⏏ʚɛ⏋patchclampᮚෑԒ
ˁʭʱ᭖ܦɴɐʳɭᮚෑɴஞመɌɩȦʳᏳᔟᕖȵʭʱ
Эࣙɇʶ⏋ᐄഗɭɌɩᬖؤተრȵΫ౥ɐʳŋstretch
activated݀˓ˠͲ̦̍͑͡Ōɹᮚ༑ȵ៎࢘ɇʶɛ⏏
႕ɴЁ܌ɻܒ 1Aɹ෵ɴᕖᮚеȵ +40mVɫᏝ 10pA
ɭȦȩ߂ȷɲ˱Ͳ̋˪̊Ͳ˽ˁ୫ɠ⏋Ɍȴʢ⏋ܒ 1A
ɹ෵ɴᏳᔟᕖЭࣙɴʭɤɩᬖؤተრȵ߂ȷȼΫ౥ɐʳ
35BKchannelsinhumanperiodontalligament¿EUREODVWV
ᮚ༑ȵʭȼ៎࢘ɇʶɛ⏏ɗɄɫೣ቉ድɫɻɄɹ߂ȷɲ
˱Ͳ̋˪̊Ͳ˽ˁ୫ɤɛᮚ༑ɴɦȦɩද២ɐʳɄɭɭ
Ɍɛ⏏ܒ 1ɻɄɹᮚ༑ɹᏳᔟᕖЭࣙɴࢪɐʳؙਝˁ
ኍɌɛᐄഗɫȡʳ⏏ᏳᔟᕖˁЭࣙɐʳմ⏃0cmH2O⏆ɹ
ᬖؤተრˁ1ɭɐʳɭ⏋ሂࢪᇕᬖؤተრ⏃relativeNPo⏆
ɻ 30cmH2Oɫ ɻ 54.1Æ 30.7⏃n=9⏆⏋50cmH2Oɫ
ɻ 474.2Æ 219.4⏃n=9⏆ɭ߂ȷȼɲʳ႕ਸˁኍɌɛ⏏
ɛɞɌعᮚෑԒɴࡔܧɐʳ˓ˠͲ̦̍͑͡ɻភధɫȡʱ⏋
ɗɹᐄഗع̮̒̍ɫɹᬖؤተრɹɽʰɦȷȵ߂ȷȼɲʳ⏏
ɗɹဤ⏋ᬖؤተრɹᐄഗɴᬠɌɩɻ⏋ؾΥ̮̒̍ɴᅓഀ
ɐʳع᭖ܦɫɹᬖؤተრˁᐄ˃ɞ଼ʶᐻ˫̶͞ˁᅎȦ
ኍɐɄɭɭɌɛ⏃ܒ 1B⏆⏏Ʉɹ˫̶͞ȴʰʢ⏋᭖ܦ
ȵ߂ȷȼɲʳɴਃȦᬖؤተრȵ߂ȷȼɲʳ႕ਸȵኍɇ
ʶɛ⏏
3͹2 ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᕖᮚећࡔਸɹཀྵࡴ
ǵ๖ɴ⏋˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᕖᮚећࡔਸɴᬠɌɩ
ද២ˁ᝔ɤɛ⏏+40mV⏋+60mV⏋+80mVɭᕖᮚеˁ
߂ȷȼɌɩȦȼɭ⏋˱Ͳ̋˪̊Ͳ˽ɻɗʶəʶ 10.6
Æ0.5pA⏃n=4⏆⏋16.0Æ0.3pA⏃n=4⏆⏋21.6Æ0.2pA
⏃n=3⏆ɭ߂ȷȼɲɤɩȦɤɛ⏃ܒ 2A,B⏆⏏عᕖᮚе
ɫɹ˱Ͳ̋˪̊Ͳ˽ɹॶܯғˁᅎȦɩ܌ॠሁᐻˁ፤Տ
Ɍɛᐄഗ⏋Ʉɹᮚ༑ɹ˹Ͳ˫̦̍͑͡͡˱Ͳ̋˪̊Ͳ˽
ɻ 275.4pSɫ⏋ᦥ᥊ᮚеɻ +1.72mVɫȡʳɭՠ౩Ɍɛ
⏃ܒ 2B⏆⏏๖ɴᕖᮚеɭᬖؤተრɹᬠѥˁද២Ɍɛ⏏
+40mVɫɹᬖؤተრˁ 1ɭɐʳɭ⏋ሂࢪᇕᬖؤተრ
⏃relativeNPo⏆ ɻ +60mVɫ ɻ 4.1Æ 1.1⏃n=4⏆⏋
+80mVɫɻ 32.0Æ 8.7⏃n=3⏆ɭ߂ȷȼɲʳ႕ਸˁ
ኍɌɛ⏃ܒ 2A⏋C⏆⏏մᦚɹᦲʱ⏋عᮚෑԒɴࡔܧ
ɐʳ˓ˠͲ̦̍͑͡ɻភధɫȡʱ⏋ɗɹᐄഗع̮̒̍
ɫɹᬖؤተრɹɽʰɦȷȵ߂ȷȼɲʳ⏏ɗɹဤ⏋ᬖؤ
ተრɹᐄഗɴᬠɌɩɻ⏋ؾΥ̮̒̍ɴᅓഀɐʳᕖᮚе
ɫɹᬖؤተრˁᐄ˃ɞ଼ʶᐻ˫̶͞ˁᅎȦኍɐɄɭɭ
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ܒ1.ݛ᰸̯̜๲൓ᕖᏳᔟɫ៎࢘ɇʶʳ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᏳᔟᕖЭࣙɴʭʳ޴׋⏏cellattachedpatchclamp໬ɴʭɤɩ៎࢘ˁ᝔ɤɛ⏏
patchclampᮚෑˁອ഼ܦཀྵࡴ۬ЊȷُৄͅͲ̺ɴஞᐚɌ⏋ᮚෑԒˁ᭖ܦɴɌɛႥ઴ɫᮚ༑ˁཀྵࡴɌɛ⏏ᕖᮚеɻ +40mV⏏A⏧ُৄܦ
ȵ a⏆0cmH2O⏋b⏆30cmH2O⏋c⏆50cmH2OɴȲȿʳ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹБᝠё⏏B⏧ᬖؤተრ⏃NPo⏆⏎᭖ܦ⏃cmH2O⏆႕ਸ⏏ᬖ
ؤተრɻع᭖ܦɫɹᬖಁᬚ /⏃ᬖಁᬚ⏉ᬔಁᬚ⏆ɴɩ፤Տ⏏0cmH2Oɫɹᬖؤተრˁ 1ɭɌ⏋30cmH2OȲʭʃ 50cmH2Oɹᬖؤተრˁሂࢪ
ғɭɌɩ፤Տ⏃relativeNPo⏆⏏عǾɹ଼ʶᐻɻؾΥ̮̒̍ɹᐄഗˁᝠɐ⏃n=9⏆⏏
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ܒ2.˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᕖᮚећࡔਸ⏏cellattachedpatch
clamp໬ɴʭɤɩ៎࢘Ɍɛ⏏A⏧ᕖᮚеȵa⏆+40mV⏋b⏆+60mV⏋
c⏆+80mVɴȲȿʳ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹБᝠё⏏B⏧ᮚ༑⏎
ᮚܦ႕ਸ⏏+40mV⏃n=4⏆⏋+60mV⏃n=4⏆⏋+80mV⏃n=3⏆ɫ
ɹॶܯᮚ༑ᩄ⏏ሁᐻɻعᮚܦɫɹॶܯᮚ༑ᩄˁᅎȦ೎ࢸϠώ໬
ɴʭɤɩິʠɛ܌ॠሁᐻɫȡʱ⏋িɻᮚ༑ᩄ⏃pA⏆⏮0.2754Ì
ᕖᮚе⏃mV⏆⏎0.4739⏏˹Ͳ˫̦̍͑͡͡˱Ͳ̋˪̊Ͳ˽ɻ
275.4pS⏏C⏧ᬖؤተრ⏃NPo⏆⏎ᮚܦ⏃mV⏆႕ਸ⏏ᬖؤተრɻ
عᮚеɫɹᬖಁᬚ/⏃ᬖಁᬚ+ᬔಁᬚ⏆ɴɩ፤Տ⏏+40mVɫɹ
ᬖؤተრˁ1ɭɌ⏋+60mVȲʭʃ+80mVɹᬖؤተრˁሂࢪғɭ
Ɍɩ፤Տ⏃relativeNPo⏆⏏عǾɹ଼ʶᐻɻؾΥ̮̒̍ɹᐄഗˁ
ᝠɐ⏃n=4⏆⏏
36 KaoriShiratorietal.
Ɍɛ⏃ܒ 2C⏆⏏Ʉɹ˫̶͞ȴʰʢ⏋ᕖᮚеȵ߂ȷȼ
ɲʳɴਃȦᬖؤተრȵ߂ȷȼɲʳ႕ਸȵኍɇʶɛ⏏
3͹3 ᏳᔟԒ Ca2+࿣঎ɭ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᬠᦹ
ǵstretchactivated݀˓ˠͲ̦̍͑͡ɫ߂ȷɲ˹Ͳ
˫̦̍͑͡͡˱Ͳ̋˪̊Ͳ˽ˁ୫ɦʢɹɭɌɩɻ⏋
BK̦̍͑͡ȵȡʳ⏏BK̦̍͑͡ɹ႕ਐɭɌɩɻΫ៨
Г޺ɴᏳᔟԒCa2+࿣঎ɹΫ౥ȵᬖؤተრɹވ߂ˁʢɛ
ʰɐɄɭȵݬٚɇʶɩȦʳ11⏆⏏ɗɹɛʠ๖ɴ⏋ᏳᔟԒ
Ca2+࿣঎ɭ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᬠᦹˁද២Ɍɛ
⏃ܒ 3⏆⏏ᏳᔟԒCa2+࿣঎ˁКઝɹ࿣঎ɴᠭ఩Ɍᮚ༑ˁ
ཀྵࡴɐʳɛʠɴ⏋insideoutpatchclamp໬ˁ᧧ି
Ɍɛ⏏ᏳᔟԒ Ca2+࿣঎ȵ pCa8⏃1Ì 108M⏆ɭжȦ
ݭغ⏃ܒ 3Aa⏆⏋Ȳʭʃ pCa4⏃1Ì 104M⏆ɭᲞȦ
ݭغ⏃ܒ 3Ab⏆ɫɹᬖؤተრˁ៎࢘Ɍɛ⏏pCa8ɫɹ
ᬖؤተრˁ1ɭɐʳɭ⏋pCa4ɫɹሂࢪᇕᬖؤተრ⏃relative
NPo⏆ɻ 233.0Æ 163.7⏃n=4⏆ɭ߂ȷȼɲʳ႕ਸˁ
ኍɌɛ⏃ܒ 3⏆⏏մᦚɹᦲʱ⏋عᮚෑԒɴࡔܧɐʳ˓
ˠͲ̦̍͑͡ɻភధɫȡʱ⏋ɗɹᐄഗع̮̒̍ɫɹᬖ
ؤተრɹɽʰɦȷȵ߂ȷȼɲʳ⏏ɗɹဤ⏋ᬖؤተრɹ
ᐄഗɴᬠɌɩɻ⏋ؾΥ̮̒̍ɴᅓഀɐʳᕖᮚеɫɹᬖ
ؤተრˁᐄ˃ɞ଼ʶᐻ˫̶͞ˁᅎȦኍɐɄɭɭɌɛ
⏃ܒ 3B⏆⏏Ʉɹ˫̶͞ȴʰʢ⏋ᏳᔟԒCa2+࿣঎ȵᲞȼ
ɲʳɴਃȦᬖؤተრȵ߂ȷȼɲʳ႕ਸȵኍɇʶɛ⏏
3͹4 BK̦̍͑͡ɹ᧨Шࡎᇍჼɹተ᠗
ǵBK̦̍͑͡ȵݛ᰸̯̜๲൓ᕖᏳᔟɴᇍჼɌɩȦʳȴ
ɰȩȴˁ RTPCR໬ɴɩተ᠗ˁ᝔ɤɛɭɄʸ⏃ܒ 4⏆⏋
Ϝ઎ᦲʱɹ߂ȷɇ⏃1.25kbp⏆ɹ̫Ͳ̝ȵተ᠗ɐʳɄ
ɭȵɫȷɛ⏏ʭɤɩ⏋ݛ᰸̯̜๲൓ᕖᏳᔟɴɻBK̍͑
̦͡ȵᇍჼɌɩȦʳɄɭȵՠ౩Ɍɛ⏏
4ǵᓒǵǵ࢘
ǵcellattachedpatchclamp໬ɴʭɤɩཀྵࡴɌɛ˹
Ͳ˫̦̍͑͡͡ᮚ༑ȵɰɹ˓ˠͲɴᅓഀɐʳȴˁؾࡴ
ɐʳɛʠɴɻ⏋ᏳᔟԒɹ˓ˠͲᏼଁɹ੻ݬȵਖឹɴɲʳ⏏
᧌ؑɹᏳᔟԒ˓ˠͲᏼଁˁཀྵࡴɌɛݬٚˁᠭʏɛɭɄʸ⏋
ᏳᔟԒ K+࿣঎ɻ 120⑯ 171mM⏋ᏳᔟԒ Cl ࿣঎ɻ
3⑯ 80mMɭɹݬٚȵɲɇʶɩȦʳ1215⏆⏏Ʉʶʰɹ
ݬٚɭ⏋Ё܌ьᅎɌɛK+rich༰ɹᏼଁˁӯɴNernst
ɹি⏃˓ˠͲ Aɹݭغ⏆
ǵǵErev⏮RT/zFln⏃yA}o/yA}i⏆R⏧ˤ˽ࡴధ⏋T⏧ᐓࢪ
ཧ঎⏋z⏧˓ˠͲɹѝధ⏋F⏧̶ˎ̚͞ͻࡴధ
ˁᅎȦॶ᝝ᮚеˁ፤Տɐʳɭ⏋Ek⏧4.48⑯ +4.98mV⏋
ECl⏧103.8⑯ 16.0mVɭɲʳ⏏ʭɤɩ⏋Ё܌៎࢘
ɇʶɛᮚ༑ɹᦥ᥊ᮚеɻ +1.72mV⏃ܒ 2B⏆ʭʱ K+
ᮚ༑ɫȡʳɭ஠ཀྵɇʶʳ⏏
ǵK+ˁᦲɐ̦̍͑͡ɫ⏋Ɍȴʢ߂ȷɲ˱Ͳ̋˪̊Ͳ
˽ˁኍɐʢɹɭɌɩɻ BK̦̍͑͡ȵ઎ᣱɇʶʳ⏏
37ŝɴȲȿʳ BK̦̍͑͡ɹ˹Ͳ˫̦̍͑͡͡˱Ͳ
̋˪̊Ͳ˽ɻᏝ 300pSɭɹݬٚȵȡʱ⏋Ё܌ɹࡸᱻ
ᐄഗɹ 275.4pS⏃ܒ 2B⏆ɴʓʖغᕹɐʳ11⏆⏏ʚɛ⏋
ᕖᮚеˁᔵՕෑɇɓʳʓɰ⏋ᬖؤተრȵވ߂ɌɩȲʱ
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ܒ3.ᏳᔟԒ Ca2+࿣঎ɭ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹᬠᦹ⏏insideout
patchclamp໬ɴʭɤɩ៎࢘ˁ᝔ɤɛ⏏ᕖᮚеɻ +40mV⏏A⏧Ᏻ
ᔟԒCa2+࿣঎ȵ a⏆pCa8⏃K+richpCa8༰ˁьᅎ⏆⏋b⏆pCa4
⏃K+richpCa4༰ˁьᅎ⏆ɴȲȿʳ˹Ͳ˫̦̍͑͡͡ᮚ༑ɹБᝠ
ё⏏B⏧ᬖؤተრ⏃NPo⏆⏎ᏳᔟԒ Ca2+࿣঎⏃pCa⏆႕ਸ⏏ᬖؤ
ተრɻع᭖ܦɫɹᬖಁᬚ /⏃ᬖಁᬚ⏉ᬔಁᬚ⏆ɴɩ፤Տ⏏pCa8ɫɹᬖؤ
ተრˁ 1ɭɌ⏋pCa4ɹᬖؤተრˁሂࢪғɭɌɩ፤Տ⏃relativeNPo⏆⏏
عǾɹ଼ʶᐻɻؾΥ̮̒̍ɹᐄഗˁᝠɐ⏃n=4⏆⏏
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ܒ4.RTPCR໬ɴʭʳݛ᰸̯̜๲൓ᕖᏳᔟɫɹBK̦̍͑͡ɹᇍჼ
ɹተ᠗⏏Hpd7ݛ᰸̯̜๲൓ᕖᏳᔟȴʰୈՏɌɛmRNAˁᦥ᥊
ԠɌ⏋ɗɹ৿ɴPCRˁ᝔ɤɛͤͻͲ⏏NRT⏃NonRTcontrol⏆7
ݛ᰸̯̜๲൓ᕖᏳᔟȴʰୈՏɌɛmRNAˁᦥ᥊Ԡɓɑɴɗɹʚ
ʚPCRˁ᝔ɤɛͤͻͲ⏏NTC⏃NonTemplateControl⏆7mRNA
ɻьᅎɓɑ⏋ᦥ᥊ԠɭPCRˁ᝔ɤɛͤͻͲ⏏PCRᅎɹ̺͞˓͇ͻ
ɻPCRᅋ႒ȵ 1.25kbpɴɲʳʭȩɴ៯៟Ɍɛ႒ˁьᅎɌɛ⏏
37BKchannelsinhumanperiodontalligament¿EUREODVWV
⏃ܒ 2C⏆⏋Ʉɹ႕ਐʢ᧌ؑɹ BK̦̍͑͡ɹݬٚɭ
غᕹɐʳ10⏆⏏BK̦̍͑͡ɻᏳᔟԒ Ca2+࿣঎Ϋ౥ʦ
ᔵՕෑɴʭʱ༎ਸ׋ɐʳK⏉̦̍͑͡ɹȩɠ೎ʢ߂ȷɲ
⏃Big⏆˹Ͳ˫̦̍͑͡͡˱Ͳ̋˪̊Ͳ˽ˁ୫ɦʢɹ
ˁ୭Ɍ⏋Large conductance, calciumandvoltage
activatedpotassium channelɭʢ٧ɽʶʳ16⏋17⏆⏏
ʭɤɩೣ቉ድɫ៎࢘ɇʶɛᮚ༑ȵ BK̦̍͑͡ᅓഀɫ
ȡʶɽᏳᔟԒ Ca2+࿣঎ȵΫ౥ɐʳʓɰᬖؤተრȵވ߂
ɐʳ႕ਐˁኍɐϟȵϜ઎ɇʶ⏋ϟࡸɗɹ႕ਐɻܒ 3ɴɩ
ኍɌɛʭȩɴ៎࢘ɇʶɛ⏏ʚɛ⏋BK̦̍͑͡ɻΫ៨ɹ
႕ਐɹЈ⏋ᏳᔟᕖɹЭࣙɴʭɤɩ̦̍͑͡ɹᬖؤተრȵ
ވ߂ɐʳ႕ਐ⏃stretchactivated⏆ʢݬٚɇʶɩȦʳ10⏆⏏
ೣ቉ድɫʢᮚෑԒɹ᭖ܦȵ߂ȷȼɲʳʓɰᬖؤተრȵ
ވ߂ɐʳɄɭˁ᠗ʠɛϟȴʰ⏋ೣ቉ድɫ៎࢘ɇʶɛᮚ༑
ɻ BK̦̍͑͡ᅓഀɹᮚ༑ɭ஠ࡴɇʶʳ⏃ܒ 1⏆⏏
ǵೣ቉ድɫɻ patchclamp໬ɭȦȩᮚຩᅊჿ࡝ᇕଝ໬ɹ
Јɴ⏋RTPCR໬ɭȦȩᅊ׋࡝ᇕଝ໬ɴʭɤɩʢ BK
̦̍͑͡ɹࡔܧˁኍɌɛ⏃ܒ 4⏆⏏ɄʶʚɫኜᐁᏳᔟʦ
ᲓൔፉᏳᔟ⏋عዛॶྜྷፉᏳᔟፈɴ BK̦̍͑͡ȵᇍჼ
ɌɩȲʱ⏋ʚɛ⏋̦̍͑͡ᅵ।ɻ᧊֪߉ᠭʦᮑᓵ⏋߉ኧ
ɲɰɹᆖ઴ˁʢɛʰɐɄɭʢݬٚɇʶɩȦʳ⏏ɌȴɌ⏋
ᐻᐣᗂᏳᔟɫɹᇍჼɻᇤᕕʦਕᕬɫɹݬٚȵతឿɇʶʳ
ɹʛɫ⏋๲൓ᕖɹᐻᐣᗂᏳᔟɫȡʳ๲൓ᕖᏳᔟɫɹݬٚ
ɻံȴɤɛ⏏ɗɹဤ⏋ೣ቉ድȵ๲൓ᕖᏳᔟɹBK̦̍͑
͡ɴᬠɌɩɹ՟ʠɩɹݬٚɫȡʳɭਲ਼ʼʶʳ10⏋16⏋1820⏆⏏
ǵΥᖔᇕɴ K+̦̍͑͡ɹᬖؤተრȵވ߂ɐʳɭ⏋ᕖ
ᮚеɻ᧌Օෑ౅كɴ˹̶̜ɐʳɄɭɴɲʳ⏏Ʉɹᐄഗ⏋
Јɹ˓ˠͲ̦̍͑͡ʦᏳᔟԒ੻ݬШ᧒Ꮩɴ৯ᯱȵؖʃ⏋
೎ᏺᇕɴᏳᔟވຂʦˏ̜ͅͻ˹˽ɭȦɤɛᏳᔟధɹ޴׋
ȵʢɛʰɇʶʳɄɭȵϜ઎ɇʶʳ⏏ɗɹဤ⏋Ʉʶʚɫ
ዛǾɹᏳᔟɫ K+̦̍͑͡ɭވຂᔨ͹ˏ̜ͅͻ˹˽ɹ
ᬠѥਸɹ቉ድȵɇʶɩȷɛ⏏K+̦̍͑͡ɹᬖؤተრȵ
ވ߂ɐʳɭᝐ፬ॶྜྷፉ͹͠Ͳ̮ჽ͹ᇤᕕᐻᐣᗂᏳᔟɫɻ
ˏ̜ͅͻ˹˽ȵވ߂Ɍ⏋ԒᇤᏳᔟ͹౰ႥᏳᔟᕄᏳᔟɫɻ
ˏ̜ͅͻ˹˽ɻཝࢹɌ⏋ኜᐁᏳᔟɻ቉ድɴʭɤɩɻˏͅ
̜ͻ˹˽ɻވ߂ʢཝࢹʢ᠗ʠʰʶɛ18⏋21⏋22⏆⏏Yunʰ18⏆
ɻᇤᕕɹᐻᐣᗂᏳᔟɴ BK̦̍͑͡ᬖؤᚫˁହήɐʳ
Ʉɭɫ⏋ˏ̜ͅͻ˹˽ȵވ֓Ɍɛɭɹݬٚˁ᝔ɤɩȦʳ⏏
๲ዀቃ๭࡝ᇕ໠ᆹɴȲȦɩɻ⏋ቃ๭֐ˁсᅎɇɓʳɭ
ʚʢɲȼܦᦗү๲൓ᕖᏳᔟɹˏ̜ͅͻ˹˽ȵተ᠗ɇʶ
ʳ6⏋7⏆⏏ೣ቉ድɫ๲൓ᕖᏳᔟɴɻ BK̦̍͑͡ȵࡔܧ
ɌɩȦʳɄɭȵ౩ʰȴɴɲɤɛϟʭʱ⏋ቃ๭֐ɴʭʱ
๲൓ᕖᏳᔟɹᏳᔟᕖɹ޴০ȵʢɛʰɇʶ⏋BK̦̍͑͡
ɹᬖؤተრȵވ߂Ɍˏ̜ͅͻ˹˽ȵ᠛ࢷɇʶɩȦʳϟȵ
ኍڗɇʶɛ⏏ɛɞɌ⏋BK̦̍͑͡ɹᬖؤተრɹ޴׋
ȵɰɹʭȩɲ́ˡͲ̝͍̒́Ͳ˻͑ͻᏙˁЂɌɩˏͅ
̜ͻ˹˽ˁʢɛʰɐɹȴɴᬠɌɩɻ⏋ݬٚɻံȦ⏏ᦲ।
˓ˠͲ̦̍͑͡ɻ˓ˠͲˁᦲɐɄɭȵςɲ৲ւɲɹɞȵ⏋
ɗɹё޺ɭɌɩᲓൔፉɹL݀Ca2+̦̍͑͡ȵሾʰʶɩ
Ȧʳ⏏ᏳᔟᕖɹᖂߧʭɤɩL݀Ca2+̦̍͑͡ɻ޴০ɐʳ⏏
ɗɹᐄഗ⏋L݀Ca2+̦̍͑͡ɴ႒ჿᇕɴஞመɌɩȦʳ
ፉࢸᔟкɹ Ca2+̦̍͑͡⏃ryanodinereceptor7RyR⏆
ʢ޴০ɐʳ⏏Ʉɹ޴০ɻ RyRɹˡ͡˹˗͌ᦲ᧌ࡐȵ
ᬖȼ޴׋ɫȡʳɹɫ⏋ᐄഗፉࢸᔟкȴʰɹˡ͡˹˗͌
ఔՏȵʢɛʰɇʶʳ⏏ɦʚʱ⏋ᲓൔፉɫɻL݀Ca2+̍͑
̦͡ɻሁஞCa2+˓ˠͲˁьȩɄɭံȼΫеɹ੻ݬ⏃Ᏻ
ᔟᕖ⏆ˁάе⏃ፉࢸᔟкᕖ⏆ɴШ᧒ɐʳՕࡎɫȡʳɭ
ឿɲɇʶɩȦʳ23⏋24⏆⏏ГΫɹʭȩɲሾឿʭʱ⏋BK̍͑
̦͡ȵȏᏳᔟᕖɹ޴০ȑɭȦȩ˓Ͳ̺̜̒ˁȏᬖؤተრ
ɹ޴׋⏮̦̍͑͡Օࡎɹ޴০ȑˁЂɌɩȏᏳᔟᕖɹ K+
ᦩ᧌ਸϮᦽȑؖʃȏBK̦̍͑͡ஞመՕࡎɹ޴০ȑɭ
Ȧȩˏ˗̜̺̜̒ɴ޴ழɐʳខᒞɫȡʳɭʢឿɲɓʳ⏏
ȏᏳᔟᕖɹK+ᦩ᧌ਸϮᦽȑؔɻȏBK̦̍͑͡ஞመՕࡎ
ɹ޴০ȑȴʰȏˏ̜ͅͻ˹˽ȑʚɫɹ᧑ɹʱɹៗ౩ɻ
ጩᐷɴɦȦɛɽȴʱɫ೑ʱ⏋Ё৿ɹɇʰɲʳද២ȵೝ৺
ɇʶʳ⏏ʚɛ⏋๲ዀቃ๭࡝ᇕ໠ᆹಁɹቃ๭֐ɹЈɴ⏋
๲൓ᕖᏳᔟɴ֓ʼʳ֐ɭɌɩɻ٩ۿಁɹٺغ֐ȵȡɁ
ʰʶʳ⏏޺ӂɴʭʳࢪغ๲ɹ๕ாʦઝᡫ᭭ࢀɴЫȩᐁؤ
ௌ؜έᔨႥ઴ɫɻ๲൓ᕖɹ؄ʛɹཝࢹɲɰȵ᠗ʠʰʶʳ
Ʉɭʭʱ⏋٩ۿಁɹٺغ֐ɻ๲൓ᕖᏳᔟɹᐣ୫ɴᩂឹ
ɫȡʳɭᓒȭʰʶɩȦʳ2⏋25⏆⏏٩ۿಁɹٺغ֐ɹ๲൓ᕖ
Ᏻᔟɴࢪɐʳсᅎʢ BK̦̍͑͡ˁЂɌɩȦʳخᔨਸ
ȵȡʱ⏋Ё৿ɹ቉ድȵೝ৺ɇʶʳ⏏
ǵ๲൓ᕖᏳᔟɻ๲൓ᕖˁ০ଁɐʳςឹɲᏳᔟɫȡʱ⏋մ
ᦚɌɛˏ̜ͅͻ˹˽ɲɰɴʭʳɗʶᕶ᤹ɹ޴׋ȵ๲൓ᕖ
ᕶкɹลᔨɴ৯ᯱˁؖʖɐ⏏ɗʶɭؾಁɴ⏋๲൓ᕖᏳᔟ
ȴʰɻ෵Ǿɲ႒ᣒȵՕ໪ɇʶ⏋๲൓ᕖᏳᔟГ޺ɹ๲൓ᕖ
ɹᏳᔟɴ৯ᯱˁؖʖɌɩȦʳɄɭȵՠ౩ɌɩȦʳ⏏๲ዀ
ቃ๭࡝ᇕ໠ᆹˁԗჼɌɛ቉ድɫɻ⏋ܦᦗү๲൓ᕖᏳᔟ
ȴʰမᆗਸ˵˓̜ˡ˓Ͳɫȡʳinterleukin1é⏃IL1
é⏆ʦ tumornecrosisfactorè⏃TNFè⏆ɲɰȵ⏋
႖ৄү๲൓ᕖᏳᔟȴʰɻ interleukin10⏃IL10⏆ፈȵ
ఔՏɇʶ࣌ଘɹမᆗؙਝˁৄȷᣱɄɐ؅܍ɭɲʳɄɭȵ
ݬٚɇʶɩȦʳ26⏋27⏆⏏ʚɛ⏋ܦᦗү๲൓ᕖᏳᔟȴʰɻ
ቑᲓᏳᔟՕ׋᠛ࢷ܍ࡎɹ receptoractivatorofnuclear
factorñBligand⏃RANKL⏆ȵ⏋႖ৄү๲൓ᕖᏳᔟ
ȴʰɻቑᲓᏳᔟଵը܍ࡎɹ osteoprotegerin⏃OPG⏆ʦ
ᲓᗂᏳᔟՕ׋܍ࡎɹRunx2ʦMsx2ȵՕ໪ɇʶʳɭɹ
ݬٚȵȡʱ⏋๲ዀቃ๭࡝ᇕ໠ᆹɴЫȩ๲กᲓɹᦶᲓ͹
ቑᲓɴࢊήɌɩȦʳɭᓒȭʰʶɩȦʳ5⏋27⏆⏏Ʉʶʰɹ
႒ᣒɹՕ໪ಁɴ⏋๲൓ᕖᏳᔟȵɰɹʭȩɴܦᦗ֐ʦ႖ৄ
֐ˁઢሾɐʳȴɴɦȦɩɹݬٚɻʚɞံȦȵ⏋ೣ቉ድɫ
ተ᠗Ɍɛ BK̦̍͑͡ȵᬠήɌɩȦʳخᔨਸɻᲞȦɭ
઎ࡴɇʶʳ⏏Ё৿ɹ቉ድɴʭʳៗ౩ȵೝ৺ɇʶʳ⏏
5ǵգᇰሂؙɹᬖኍ
ǵգᇰሂؙɻɲȦ⏏
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